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SUMMARY 

An investigation to determine the performance and the opera- 
tional characteristics of the TG-lOQA gas turbine -propeller engine 
has been conducted in the Cleveland altitude vind tunnel. As part 
of this investigation, pressure and temperature data were obtained 
at altitudes from 5000 to 35,000 feet, compressor- inlet ram-pressure 
ratios from 1.00 to 1.17, and engine speeds from 8000 to 13,000 rpm. 
Average pressures and temperatures measured at each station in the 
engine are presented in tabular form for all operating conditions. 
The effects of engine speed, shaft horsepower, and compressor- Inlet 
ram-pressure ratio on pressure and temperature distribution at each 
measuring station are presented graphically. 

Changes in engine speed had no appreciable effect on the cir- 
cumferential or radial distribution of pressures and temperatures 
at any of the measuring stations •with the exception of the compres- 
sor inlet, compressor outlet, and tail-pipe-nozzle outlet. As the 
engine speed vas increased, the radial distribution of total pres- 
sure at the compressor inlet became less uniform, whereas the dis- 
tribution at the tail-pipe-nozzle outlet became more nearly sym- 
metrical with respect to the center of the tail pipe. Large varia- 
tions in the circumferential distribution of dynamic pressure at 
the compressor outlet occurred at all engine speeds. 

Variations in shaft horsepower did not greatly affect the 
circumferential or radial distribution of pressures and tempera- 
tures at any measuring station except the tail-pipe -nozzle outlet, 
where the total-pressure distribution became more uniform as the 
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engine power was increased. Changes in ram- pressure ratio from 
1.00 to 1.09 did not affect the distribution of pressures and tem- 
peratures. Flow separation in the upper region of the right wing- 
duct inlet occurred for seme operating conditions and was attributed 
to high inlet -velocity ratio and rotation of the propeller slip- 
stream. Losses in total pressure between the compressor outlet 
and the turbine inlet were approximately 0.9 of the dynamic pres- 
sure at the compressor outlet. 


INTRODUCTION 

An Investigation to determine the performance and the opera- 
tional characteristics of che TG-100A gas turbine -propeller engine 
has been conducted In the Cleveland altitude wind tunnel at the 
request of the Air Materiel Command, Army Air Forces, As part of 
this Investigation, pressure and temperature data were obtained at 
altitudes from 5000 to 35,000 feet, compressor- Inlet ram-pressure 
ratios front 1.00 to 1.17, and engine speeds from 8000 to 13,000 rpm. 
Performance characteristics of this engine are presented in refer- 
ence 1 and windmill ing characteristics in reference 2. 

Typical surveys of total pressures, static pressures, and 
indicated temperatures at the measuring stations throughout the 
engine are presented herein. The effects of engine speed, shaft 
horsepower, and compressor-inlet ram- pressure ratio on these pres- 
sure and temperature distributions are briefly discussed. Average 
pressures and temperatures measured at each station in the engine 
are presented in tabular form far all the operating conditions 
presented in reference 1* 


INSTALLATION AND PROCEDURE 

The main components of the TG-100A gas turbine -propeller 
engine are a 14-stage axial-flow compressor, nine cylindrical 
counterflow combustion chambers, a single-stage turbine, an 
exhaust cone, and a two-stage planetary reduction gear (fig. 1). 

The over-all length of the TG-100A gas turbine-propeller engine 
is 116 inches and the maximum diameter Is about 37 Inches. The 
dry weight of the engine, including piping and all accessories, 

Is 1980 pouois. The engine was installed in a streamlined win« 
nacelle that was mounted In the 20-foot-diameter test section of 
the Cleveland altitude wind tunnel. A four-blade Hamilton-Standard 
super hydromatic propeller with a diameter of 12 feet, 7 Inches was 
installed on the engine (fig. 2). 
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Air entered the installation through two wing ducts with leading- 
edge inlets behind the propeller. The vertical center lines of the 
inlets were located along the wing span at about 80 percent of the 
blade radius (fig. 3). From the ducts , the air flowed through an 
annular inlet into the compressor. Air discharged frcen the compres- 
sor was t ur ned 180° before entering the combustion chambers. Hot 
gases leaving the combustion chambers passed through the turbine 
nozzles and the single-stage turbine into an annular exhaust cone. 

The exhaust gases were discharged through a straight tall pipe 
96 inches in length and 14 inches in diameter. 

The operating limits for static sea-level conditions as 
established by the manufacturer are: 


Turbine speed: 

Maximum over speed , 37 pm 13,300 

Normal rated, rpm 13,000 

Idling, rpm 10,000 

Exhaust -gas temperatures (at exhaust-cone outlet) : 

Military rating, 5 minutes. ' °F 1265 

Normal continuous rating, 1170 

Starting and acceleration, °F 1600 

Bearing temperatures, ?F • . . • 250 

Vibration: 

At turbine frequency, in 0.004 

At propeller frequency, in * 0.025 


A description of the instrumentation installed at each measuring 
station (rigs. 1 and 3 ) Is presented In reference 1. Pressures were 
measured on mercury, alkazene, and water monometers and were photo- 
graphically recorded. Temperatures were recorded on two self- 
balancing potentiometers. 

The investigation was conducted at altitudes frcm 5000 to 
35,000 feet and compressor- inlet ram-pressure ratios from 1.00 
to 1.17. At each altitude and compressor- Inlet ram-pressure ratio, 
engine speeds were varied from 8000 to 13,000 rpm. The engine 
shaft horsepower measured at the torquemeter ranged from 70 to 
1050 horsepower. Ambient pressures and temperatures were main- 
tained at approximately NACA standard altitude conditions. 
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RESULTS AND DISCUSSION 

The average values of total pressure, static pressure, and 
Indicated temperature at each, measuring station are presented In 
table I for all operating conditions Investigated. The effects of 
engine speed, shaft horsepower, and compressor- inlet ram -pressure 
ratio on pressure and temperature distributions at each measuring 
station are shown in figures 4 to 32. All instrumentation except 
that at the wing-duct inlets was viewed in the direction of air 
flow. 


Effect of engine speed. - A typical over-all average pressure 
profile through the engine is presented in figure 4 to show the 
effect of engine speed on the average pressure at each measuring 
station. When the engine speed was increased from 10,000 to 
13,000 rpm at approximately constant tail -pipe temperature, the 
average pressures at the turbine inlet (station 5) were increased 
approximately 60 percent, whereas the average pressures at the 
turbine outlet (station 6) were raised approximately 10 percent. 

The effect of changing the engine speed from 10,000 to 13,000 rpm 
on the pressure and temperature distribution at each measuring 
station is shown in figures 5 to 13 for an altitude of 5000 feet 
and a compressor- inlet ram- pressure ratio of 1.00. For these 
engine speeds, the average temperature at the Junction of the 
exhaust cone and the tail pipe was approximately 1500° R. 

The wing-duct inlet surveys presented in figure 5 show that 
at engine speeds of 10,000 and 11,000 r pm very low total pressures 
were obtained in the upper region of the right wing-duct inlet. 
These low total pressures apparently resulted from flow separation 
on the inner surface of the upper lip. Although the inlet -velocity 
ratios for these operating conditions were above unity, the total- 
pressure distribution at the left duct inlet was uniform. Flow 
separation at the right duot inlet was probably caused by a com- 
bination of the rotation of propeller slipstream and the high 
inlet- velocity ratios. At engine speeds of 12,000 and 13,000 rpm, 
the total -pres sure distribution was uniform for both inlets. 

At the compressor inlet (fig. 6), the radial pressure pro- 
files were uniform at engine speeds of 10,000 and 11,000 rpm. 

As the engine speed was increased to 13,000 rpm, the total pres- 
sure at the middle portion of the annular passage increased and 
the static pressure decreased, which indicates that the velocity 
in this region was higher than at the wall. A reasonably uniform 
circumferential pressure distribution was obtained at all engine 
speeds , 
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A survey of the static pressure through, the compressor for 
several engine speeds is shown in figure 7, Compressor- outlet pres- 
sure and temperature distributions ere shown in figure 8. Close 
agreement existed between the total- pressure measurements obtained 
with tubes located on the struts in the co mpr essor-outlet passage 
and the center tube of the rakes with the exception of rake 3. A 
uniform circumferential static-pressure distribution was obtained; 
however , variations in the total- pressure distribution resulted in 
a large dynamic-pressure gradient around the compressor-outlet 
cumulus, Ear each engine speed, the dynamic pressure at rake 2 
was approximately three times as great as at rake 1, The circum- 
ferential distribution of total and static pressures at the turbine 
inlet was uniform for each engine speed, as shown in figure 9. 
Because the compress or -outlet statio pressures were uniform and the 
pressure loss through the combustion chambers was approximately 
0.9 of the dynamic pressure at the compressor outlet, the resultant 
distribution of total pressure at the turbine inlet was uniform. 

Turbine -outlet total and statio pressures are shown in 
figure 10 and turbine-outlet indicated temperatures in figure 11. 

The circumferential distribution of total and static pressures 
was nearly uniform for the four engine speeds presented. A con- 
siderable radial total-pressure variation was observed at rake 3 
for engine speeds of 12,000 and 13,000 rpm. In general, the statio 
pressures measured by wafer static-pressure tubes were lover than 
those measured by wall statio-pressure tubes. With the exception 
of combustion chambers 1, 7, and 8, the turbine-outlet indicated 
temperatures were fairly uniform. The large temperature variation 
among these three combustion chambers probably resulted from uneven 
fuel and air distribution. Flow-bench tests showed that the fuel 
nozzle installed in combustion chamber 7 had the highest fuel flow 
under all conditions investigated, which accounted in part for the 
highest temperature occurring in that combustion chamber. As the 
engine speed was increased to 12,000 rpm, the temperature differ- 
ential at the turbine outlet was decreased; however, at 13,000 rpm 
a slightly greater differential was observed than at 12,000 rpm. 
Owing to the effect of radiation on the thermocouples, temperatures 
measured at the turbine outlet were used only to determine burner 
ignition and unbalance . 

Circumferential distributions of total pressure, static pres- 
sure, and indicated temperature measured at the exhaust- cone outlet 
(fig. 12) were uniform for the range of engine speeds presented. 

For seme conditions, not shown graphically, however, temperature 
variations as great as 140° were observed. Two thermocouples 
located at this station were connected in parallel to a gage on 
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the engine control panel to indicate limiting exhaust-gas tempera- 
tures. The temperature measured by these thermocouples is not shown 
in figure 12. Exhaust-gas temperature limits were established at 
this station by the manufacturer. 

The distribution of pressures and temperatures in a vertical 
plane across the tail-pipe-nozzle exit is shown in figure 13. The 
total-pressure profile at this station changed with engine speed. 

It is noted that the distribution of total pressure for the top 
and bottom halves of the rake was not symmetrical. As the engine 
speed was increased, the total-pressure profile became more uni- 
form with respect to the center of the tail pipe. In order to 
obtain accurate measurements both vertically and circumferentially, 
it would be necessary to make surveys in more than one plane. 
Temperatures measured at the tail-pipe-nozzle- exit rake agreed 
reasonably well with the average turbine- outlet temperature, but 
for seme conditions these temperatures were higher than those 
measured at the Junction of the exhaust cone and the tail pipe. 

Effect of shaft horsepower. - A typical over-all pressure pro- 
file through the engine showing the effect of shaft horsepower is 
presented in figure 14. Total-pressure, stat ic -pres sure , and 
indicated-temperature distributions at each measuring station are 
shown in figures 15 to 23 for shaft horsepowers of 425 and 951 at 
an engine speed of 13,000 rpm. These data were obtained at an 
altitude of 5000 feet and a compressor- inlet ram-pressure ratio 
of 1.00. 

The change in shaft horsepower had no appreciable effect on 
the pressure and temperature distributions at the wing-ducu inlets 
ard the compressor inlet. An Increase in shaft horsepower raised 
the compressor-pressure ratio as shown by the increase in static 
pressure for each stage of the compressor stator in figure 17. 
Inasmuch as choking occurred at the turbine nozzles, the higher 
fuel flow required to increase the shaft horsepower resulted in 
a higher turbine- inlet temperature and pressure and consequently 
a higher compressor-pressure ratio. 

The change of power had no appreciable effect on the distri- 
butions of pressure ana temperature at the compressor outlet, che 
turbine inlet, and the turbine outlet, as shown in figures 18 to 21. 
The temperature level at the turbine outlet, however, was raised 
approximately 200° R with the increase in shaft horsepower (fig. 21). 
The survey at the exhaust- cone outlet shows a slight change in the 
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cir cumf er ent ial total-pressure distribution (fig. 22). An increase 
in shaft horsepower resulted in a more uniform distribution of total 
pressure at the tall-pipe-nozzle outlet (fig. 23). 

Effect of ram-pressure ratio. - The effect of ram-pressure ratio 
on the total-pressure, static-pressure, and indicated- temperature 
surveys is shown in figures 24 to 32 for compressor- inlet ram- pressure 
ratios of 1.00 and 1.09 and shaft horsepowers of 340 aixl 330. These 
data were obtained at an altitude of 35,000 feet and an engine speed 
of 13,000 rpm. In general, the variation of compressor- ini et ram- 
pressure ratio from 1.00 to 1.09 did not have any appreciable effect 
on the pressure and temperature distributions. 

Wing-duct- inlet surveys (fig. 24(a)) show that at a compressor- 
inlet ram-pressure ratio of 1.00 there was evidence of flow separa- 
tion in the upper region of the right duct. As was previously 
discussed, thiB flow separation is attributed to the rotation of 
the propeller slipstream and the high inlet- velocity ratio. Higher 
pressures occurred at the compressor outlet and the turbine inlet 
when the ram-pressure ratio was increased to 1.09. (See figs. 27 
and 28, respectively.) 


SUMMARY OF RESULTS 

The following results were obtained frcm an investigation of 
the TG-10QA gas turbine-propeller engine in the Cleveland altitude 
wind tunnel over a range of altitudes from 5000 to 35,000 feet, 
engine speeds frcm 8000 to 13,000 rpm, and ram-pressure ratios 
frcm approximately 1.00 to 1.17: 

1. Changes in engine speed had no appreciable effect on the 
circumferential or radial distribution of pressures and tempera- 
tures at any of the measuring stations with the exception of the 
compressor inlet, the compressor outlet, and the tail-pipe-nozzle 
outlet. As the engine speed was increased, the radial distribu- 
tion of total pressure at the compressor inlet became less uniform $ 
whereas the distribution at the tail-pipe- nozzle outlet became more 
nearly synmetrioal with reBpect to the center of the tall pipe. 
Large variations in the circumferential distribution of dynamic 
pressure at the compressor outlet occurred at all engine speeds. 
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2. Variation of shaft horsepower did not greatly affect the 
circumferential or radial distributions of pressures and tempera- 
tures at any measuring station except the tail-pipe-nozzle outlet, 
where the total-pressure distribution "became more uniform with an 
increase in engine power. 

3. The circumferential or radial distributions of pressure 
and temperature were unaffected by a change in ram-pressure ratio 
frcan 1.00 to 1.09. 

4. Flow separation, which occurred in the upper region of the 
right wing-duct inlet for seme operating conditions, was attributed 
to high inlet- velocity ratio and rotation of the propeller slip- 
stream. 


5. The total-pressure loss between the compressor outlet and 
the turbine inlet was approximately 0.9 of the dynamic pressure 
at the compressor outlet. 
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1331 

1366 

1529 

1309 

1368 

1458 

1482 

1250 

1334 

1403 

1567 

1399 
1440 
1505 
1548 
1382 
1355 
1497 
1497 
1617 
1104 
1193 
1273 
1322 
1430 
1285 
1401 
1521 
1631 
1260 
1368 
1470 
1542 
1366 

1400 
1444 

1935 

1924 

1929 

1825 

1840 

1843 

1844 
. 1534 

1402 

1484 

1817 

1810 

1788 

1802 

1802 

1793 

1791 

1293 

1263 

1253 

1838 

1847 

1848 
1790 
1793 
1793 
1795 
1334 
1338 
1343 

4372 

4471 

4652 

4622 

5024 

3698 

3799 
3893 
4036 
3694 

3800 
3941 
4092 
2436 
2439 
2476 

4215 

4322 

4505 

4471 

4884 

3585 

3690 

3791 

3934 

3579 

3689 

3838 

3991 

2369 

2371 

2414 

4328 

4432 

4613 

4583 

4990 

3668 

3772 

3869 

4010 

3663 

3770 

3913 

4068 

2422 

2426 

2464 

4291 

4393 

4572 

4541 

4953 

3640 

3742 

3841 

3985 

3637 

3742 

3890 

4041 

2408 

2408 

2450 

4224 

4331 

4513 

4481 

4889 

3590 

3695 

3792 

3936 

3583 

3695 

3910 

3989 

2367 

2373 

2414 

4154 

4259 

4438 

4400 

4810 

3527 

3632 

3728 

3871 

3524 

3632 

3777 

3925 

2329 

2333 

2373 

1371 

1375 

1376 
1374 
1364 
1321 
1311 
1318 
1317 
1336 
1334 
1339 
1329 
1259 
1266 
1267 

1278 

1254 

1235 

1236 
1230 
1240 
1225 

1213 
1216 

1255 
1248 
1235 
1219 
1225 
1216 

1214 

1166 

1197 

1184 

1184 

1183 

1199 

1199 

1188 

1199 

1216 

1211 

1211 

1202 

1204 

1195 

1192 

1213 

1230 

1283 

1314 

1312 

1223 

1260 

1255 

1276 

1236 

1276 

1276 

1276 

1206 

1201 

1204 

1204 

1207 

1200 

1204 

1211 

1197 

1200 

1193 

1211 

1214 

1214 

1221 

1214 

1200 

1193 

1193 

1263 

1265 

1276 

1285 

1293 

1241 

1246 

1249 

1262 

1253 

1263 

1271 

1268 

1222 

1216 

1217 

1190 

1187 

1194 

1202 

1202 

1189 

1193 

1194 
1203 
1201 
1212 
1214 
1206 
1196 
1189 
1189 




12 


NACA RM No. E7J02 


TABLE I.- COUCUJDED. PRESSURE ATO TEMPERATURE 



1 

2 

3 

4 

6 

6 

7 

8 

L° 

10 

11 

12 

13 

14 

15 

16 

Run 

L 

P P 

3H 

*c 

V 

K 

!i 

u 

«> 

1 

1 

o 

*H 

H 

U 

© 

§ 

h 

>° 

V 
€ 1 

& 

u 

■H 

15 

3 43 

1 44 
U t-l 

© 

•r) H 
HJ 

3 . 
| 

% 

& 

4-3 

l 

Z g 

La ft 

duct Inlat 

I Right duet 

inlat 

| Compressor 

inlat 

H 

P-* 

li 

* i« 
0 

O 4* 

K 

fi d 

£ 

* 

t ~ 

5 J5 

** « 

£ 4* 
P- <H 
0 C r 
•rt » 
P \ 

m x* 

p i-t 
tO 

2 

1 

** rH 
H3 * 
© «-l 

0 ~ 

-H 4J'- 

m 

tC 

£ •» 
2-5 
Sp 

K 

H S? 

fid 

0. 

£~ 
=r « 
» x> 

0 a* 

p < 
0 .a 

P rH 

m 

1 

u 

5 

-a 1 

© -H 
O * 

fits 

pf* 

O • 

£ 2 

» 0 

M 

© P 

5 r ** 
p. 

0 * 

rH M 
P 

fid 

& 

© 

^ « 
0 XI 

m 0 

iz 

0 tr 
■H 0 

ts> 

P rH 
» w 

L 

1 

P « 

•a »h 
©Eh 
P 

0 » 

O « 

43 

15,000 

13,000 

105 

1,06 

327 

1190 

469 

1275 

1262 

476 

1275 

1264 

475 

1264 

1241 

476 

44 

15,000 

13,000 

134 

1.06 

327 

1197 

471 

1283 

1270 

477 

1283 

1272 

477 

1272 

1249 

477 

45 

15,000 

13,000 

158 

1.06 

326 

1197 

468 

1284 

1271 

476 

1283 

1273 

475 

1273 

1251 

476 

46 

25,000 

13,000 

223 

1.00 

254 

781 

438 

623 

790 

435 

823 

793 

433 

780 

663 

433 

47 

25,000 

13,000 

335 

1.00 

236 

761 

438 

822 

790 

435 

818 

787 

431 

780 

663 

432 

48 

26,000 

13,000 

461 

.99 

227 

781 

436 

822 

789 

437 

814 

781 

430 

777 

660 

432 

46 

25,000 

13,000 

622 

1.00 

229 

781 

434 

824 

791 

435 

814 

781 

430 

779 

664 

431 

SO 

25,000 

13,000 

587 

1.00 

246 

788 

433 

836 

802 

435 

826 

791 

430 

790 

672 

433 

51 

26,000 

13,000 

234 

l.oe 

437 

788 

456 

900 

061 

465 

901 

866 

465 

852 

738 

466 

58 

26,000 

13,000 

394 

1.08 

437 

781 

457 

896 

850 

464 

894 

861 

464 

847 

736 

464 

53 

26,000 

13,000 

614 

1.08 

437 

788 

457 

904 

861 

470 

903 

868 

471 

856 

743 

471 

54 

25,000 

13,000 

638 

1.07 

434 

781 

453 

898 

858 

463 

897 

862 

462 

850 

739 

464 

55 

25,000 

13,000 

384 

1.12 

504 

781 

486 

924 

883 

496 

923 

890 

496 

876 

773 

496 

56 

26,000 

13,000 

522 

1.13 

507 

774 

482 

920 

879 

493 

920 

884 

494 

873 

764 

494 

57 

25,000 

13,000 

631 

1.13 

510 

788 

474 

942 

900 

488 

942 

905 

488 

894 

783 

488 

58 

25,000 

10,000 

71 

1.00 

162 

774 

420 

790 

776 

421 

790 

776 

418 

774 

730 

421 

59 

25,000 

10,000 

172 

1.00 

92 

781 

418 

797 

784 

425 

790 

776 

417 

780 

738 

418 

60 

25,000 

10,000 

118 

1.09 

387 

781 

442 

868 

848 

450 

068 

851 

450 

848 

802 

450 

61 

25,000 

10,000 

174 

1.09 

387! 

781 

442 

868 

848 

450 | 

868 

851 

450 

849 

805 | 

450 

02 

26,000 

10,000 

261 

1.09 

385 

781 

442 

869 

849 

460 

869 

852 

450 

850 

808 

450 

63 

26,000 

10,000 

306 

1.09 

386 

778 

438 

880 

860 

460 

880 

862 

450 

861 

819 

450 

64 

26,000 

8,100 

36 

.99 

59 

788 

420 

789 

784 

425 

789 

785 

425 

786 

765 

434 

65 

25,000 

8,100 

56 

1.00 

75 

781 

423 

787 

761 

429 

786 

779 ; 

429 

780 

762 

431 

66 

25,000 

8,000 

97 

1.00 

75 

701 

425 

790 

786 

429 

786 

780 

421 

783 

767 

427 

67 

25,000 

8,000 

86 

1.09 

368 

781 

440 

859 

848 

445 

856 

847 

445 

848 

830 
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857 

848 

446 

849 

834 

445 

69 

35,000 

13,000 
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433 
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(c) Engine speed, 12,000 rpm; tail-pipe temperature, 1495° R. 
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Figure 9. - Effect of engine speed on distribution of total and 

static pressures at turbine Inlet. Altitude, 5000 feet: ccmpreesor- 
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(o) Engine speed, 12,000 rpm; tail-pipe temperature, 1495° B. 
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Figure 10. - Effect of engine speed on distribution of total pres- 
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compressor- ini at ram- pressure ratio, 1.00. 

(a) Engine speed, 10,000 rpm; tail-pipe temperature, 1527° R. 
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Figure 11. - Effect of engine speed on distribution of indicated 
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Figure 12. - Effect of engine speed on distribution of total pres- 
sure, static pressure, and Indicated temperature at exhaust- cone „ 
outlet. Altitude, 5000 feet; compressor- inlet ram- pressure 
ratio, 1.00. 

(a) Engine speed, 10,000 rpm; tail-pipe temperature, 1527° R. 

(b) Engine speed, 11,000 rpm; tail-pipe temperature, 1458° R. 

(c) Engine speed, 12,000 rpm; tail-pipe temperature, 1495° R. 

(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1510° R. 

Figure 13. - Effect of engine speed on distribution of total pres- 
sure, static pressure, and indicated temperature at tail-pipe- 
nozzle outlet. Altitude, 5000 feet; compressor- inlet ram- 
pressure ratio, 1.00. 

! a) Engine speed, 10,000 rpm; tail-pipe temperature, 1527° R. 

b) Engine speed, 11,000 rpm; tail-pipe temperature, 1458° R. 

(c) Engine speed, 12,000 rpm; tail-pipe temperature, 1495° R. 

(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1510° R. 

Figure 14. - Typical over-all average pressure profile for various 
shaft horsepowers. Altitude, 5000 feet; compressor- Inlet ram- 
pressure ratio, 1.00; engine speed, 13,000 rpm. 
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Figure 15. - Effect of shaft horsepower oel distribution of total 
pressure, static pressure, ard. indicated temperature at wing- 
duct inlets. Altitude, 5000 feet ; compressor- inlet ram-pressure 
ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 16. - Effect of shaft horsepower on distribution of total 
pressure, static pressure, ard indicated temperature at compres- 
sor inlet. Altitude, 5000 feet; compressor- inlet ram- pressure 
ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 17. - Effect of shaft horsepower on distribution of static 
pressure for each stage of compressor stator. Altitude, 5000 feet; 
compressor- inlet ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 

Figure 18. - Effect of shaft horsepower on distribution of total 
pressure, static pressure, and indicated temperature at compres- 
sor outlet. Altitude, 5000 feet; compressor- ini et ram-pressure 
ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 19. - Effect of shaft horsepower on distribution of total 
and static pressures at turbine inlet. Altitude, 5000 feet; 
compressor- inlet ram- pressure ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 20. - Effect of shaft horsepower on distribution of total 

pressure and static pressure at turbine outlet. Altitude, 5000 feet; 
compressor- inlet ram-pressure ratio, 1.00; engine speed, 13,000 rpm, 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 21. - Effect of shaft horsepower on distribution of indicated 
temperature at turbine outlet. Altitude, 5000 feet; compressor- 
inlet ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 
fb) Shaft horsepower, 951. 
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Figure 22. - Effect of shaft horsepower on distribution of total 
pressure, static pressure, and indicated temperature at exhaust- 
cone outlet. Altitude, 5000 feet; ccmpressor-inlet ram-pressure 
ratio, 1.00; engine speed, 13,000 rpm. 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 23. - Effect of shaft horsepower on distribution of total 
pressure, static pressure, and Indicated temperature at tail- pipe- 
nozzle outlet. Altitude, 5000 feet; ccmpressor-inlet ram-pressure 
ratio, 1.00; engine speed, 13,000 rpm, 

(a) Shaft horsepower, 425. 

(b) Shaft horsepower, 951. 

Figure 24. - Effect of ccmpressor-inlet ram-pressure ratio on 
distribution of total pressure, static pressure, and indicated 
temperature at wing-duct inlets. Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 

(a) Ccmpressor-inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Ccmpressor-inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 

Figure 25. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total pressure, static pressure, and iniicated 
temperature at compressor inlet. Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 

(a) Ccmpressor-inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Ccmpressor-inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 


Figure 26. - Effect of ccmpressor-inlet ram- pressure ratio on dis- 
tribution of static pressure for each stage of compressor stator. 
Altitude, 35,000 feet; engine speed, 13,000 rpm. 

Figure 27. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total pressure, static pressure, and indicated tem- 
perature at compressor outlet. Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 

(a) Ccmpressor-inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Ccmpressor-inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 
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Figure 28. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total and static pressures at turbine inlet. Alti- 
tude, 35,000 feet; engine speed, 13,000 rpm. 

(a) Compressor-inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Compressor- inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 

Figure 29. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total and static pressure at turbine outlet. 
Altitude, 35,000 feet; engine speed, 13,000 rpm. 

(a) Compressor- inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Compressor- inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 

Figure 30. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of indicated temperature at turbine outlet. Altitude, 
35.000 feet; engine speed, 13,000 r pm. 

(a) Compressor- inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Compressor- inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 

Figure 31. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total pressure, static pressure, and indicated tem- 
perature at exhaust- cone outlet . Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 

(a) Compressor-inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Compressor- inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 

Figure 32. - Effect of compressor- inlet ram-pressure ratio on dis- 
tribution of total pressure, static pressure, and indicated tem- 
perature at tail-pipe-nozzle outlet. Altitude, 35,000 feet; 
engine speed, 13,000 rpm. 

(a) Compressor- inlet ram-pressure ratio, 1.00; shaft horse- 
power, 340. 

(b) Compressor- inlet ram-pressure ratio, 1.09; shaft horse- 
power, 330. 
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Figure |. - Side view of TG-IOOA engine showing location of measuring stations. 
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Figure 2, - Front view of TG-IOOA gas tu rb i ne-prope l I er engine Instal- 
lation In altitude wind tunnel. 
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Figure 3, - Sketch of TG-IOOA gas turbine-propeller engine Installation showing location of wing 

ducts and inlets. 
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Figure 5- - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
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Figure 6- - Effect of engine speed on distribution of totaJ pressure, static pressure, and Indicated 
temperature at compressor Inlet. Altitude, 5000 feet; compressor- Inlet ram-pressure ratlo^ 1.00. 


to 

U1 


NACA RM NO. E7J02 



Cocrpressor-lnl^t Indicated temperati rre, °R 


0 Total pressure 
□ Statl c pressure 
0 Indicated temperature 


490 < 
P 


(o) Engine speed, 18,000 rpm; tail-pipe temperature, 1496° R 



500 £1700 


• \ 



. * 3 


490 1 


o Total-pressure tube 
• Static-pressure tube 
P Thermocouple 

I Compressor inlet, looking aft 


0 1 3 0 1 2 6 1 2 ^ 

Di stance from Inside wall. In. 

(d) Engine speed, 15,000 rpmj tail-pipe temperature, 1610° R. 

Figure 6. - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at compressor inlet. Altitude, 5000 feet; compressor- ini et ram-pressure 
ratio, 1.00- 
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Figure 7. - Effect of engine speed on distribution of static pressure for each stage of compressor 
stator. Engine speed, 10,000 to 13,000 rpm; altitude, 3000 feet; compressor-inlet ram-pressure 
ratio, 1.00. 
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Figure 0. - Effect of engine speed on distribution of total pressure, static pressure, and indicated 
temperature at compressor outlet. Altitude, 5000 feet; compressor- i nl et ram-pressure ratio, U 00. 
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Figure 8. - Concluded. Effect of engine speed on distribution of total pressure, static pressure,and 
indicated temperature at compressor outlet. Altitude, 5000 feet; compressor- ini et ram-pressure 
ratio, 1.00. 
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Combustion chamber 

(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1510° R, 

Figure 9. - Concluded. Effect of engine speed on distribution of total and static pressures at tur- 
bine inlet. Altitude, 6000 feet; compressor- i nJ et ram-pressure ratio, t.00. 
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Figure 10. - Effect of engine speed on distribution of total pressure and static pressure at turbine 
outlet. Altitude, 5000 feet; compressor-inlet ram- pressure ratio, 1.00. 
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figure 10, - Concluded. Effect of engine speed on distribution of total pressure and static pressure 
at turbine outlet. Altitude, 5000 feet; compressor- In I et ram-pressure ratio, 1.00. 
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tl- - Effect of engine speed on distribution of indicated temperature at turbine outlet 
Altitude, 5000 feet; compressor- ini et ram-pressure ratio. 1.00. 
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(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1610° R. 

Figure M. - Concluded. Effect of engine speed on distribution of indicated temperature at turbine 
outlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, *1,00. 
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Position from top, counterclockwise looking aft, deg 

(a) Engine speed, 10,000 rpm; tail-pipe temperature, 1587° R. 

Figure 12- - Effect of engine speed on distribution of total pressure, static pressure, and indicated 
temperature at exh&ust-cone outlet- Altitude, 5000 feet; compressor- Inlet ram-pressure ratio, 1-00 
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w Position from top, count erolookwiae looking aft, deg 

(b) Engine speed, 11,000 rpm; tail-pipe temperature, 1458° R, 

Figure 12. - Continued. Effect of engine speed on distribution of total pressure, static pressure 
and indicated tenperature at exhaust-cone outlet. Altitude, 5000 feet; compressor- Inlet ram- 
pressure ratio, t.00. 


NACA RM NO. E7J02 





g 



(c) Engine speed, 12,000 rpm; tail-pipe temperature, 1495° R. 

Figure 12. - Continued. Effect of engine speed on distribution of total pressure, static pressure, 

and indicated temperature at exhaust-cone outlet. Altitude, 5000 foet; compressor- Inlet ram- 
pressure rat lo, 1.00. 
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Figure 12. - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor- inlet ram- 
pressure ratio, 1.00. 
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Figure 13. - Continued. Effect of engine speed on distribution of total pressure, static pressure, 
and indicated temperature at tail-pipe-nozzle outlet. Altitude, 5000 feet; compressor-inlet ram- 
pressure ratio, 1.00. 
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fcl Engine speed, 12,000 rpm; tail-pipe temperature, 1495° R, 
Figure 13. - Continued* Effect of engine speed on distribution of total pressure, stat 
and indicated temperature at tal I -pipe-nozzle outlet* Altitude, 5000 feet; compresso 
pressure ratio, 1*00. 
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(d) Engine speed, 13,000 rpra; tail-pipe temperature, 1510° R, 

Figure 13. - Concluded. Effect of engine speed on distribution of total pressure, static pressure, 
and Indicated temperature at tai l-plpe-nozzl e outlet. Altitude, 5000 feet; compressor-inlet ram- 
pressure ratio, 1,00. 
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Figure 14. - Typical over-all average pressure profile for various shaft horsepowers* Altitude 
5000 feet; compressor- i n I et ram-pressure ratio, LOO; engine speed, 13,000 rpm* 
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Figure 15. - Effect of shaft horsepower on distribution of total pressure, static pressure, and 
Indicated temperature at wing-duct inlets. Altitude, 5000 feet; compressor- In I et ram-pressura 
ratio, 1.00; engine speed, 13,000 rpm. 
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Figure 15. - Concluded, Effect of shaft horsepower on distribution of total pressure static pres 
sure, and Indicated temperature at wing-duct inlets. Altitude, 5000 feet: compressor- ini et ram- 
pressure ratio, 1.00; engine speed, 13,000 rpm. 
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(b) Shaft horsepower, 961. 

Figure 16. - Effect of shaft horsepower on distribution of total pressure, static pressure, and Indi- 
cated temperature at compressor Inlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 
1.00; engine speed, 13,000 rpm. 
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Figure 17- - Effect of shaft horsepower on distribution of static pressure for each stage of com- 
pressor stator. Altitude, 5000 feet; compressor- i nl et ram-pressure ratio, 1.00; engine speed, 

15.000 rpm. 
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Figure 18. - Effect of shaft horsepower on distribution of total pressure, static pressure, and indi- 
cated temperature at compressor outlet. Altitude, 500 0 feet; compressor- i nl ct ram-pressure ratio, 
1.00; engine speed, 13,000 rpm. 
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(a) Shaft horsepower, 485. 
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(b) Shaft horsepower, 951 

19. - Effect of shaft horsepower on distribution of total and static pressures at turbine 
. Altitude, 3000 feet; compressor- inlet ram-pressure ratio, I.Q(£ engine speed, 13,000 
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(a) Shaft horsepower, 425* 
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(b) Shaft horsepower, 961, 

Figure 21. - Effect of shaft horsepower on distribution of Indicated temperature at turbine outlet. 
Altitude, 5000 feet; compressor- I nlet ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 
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(a) Shaft horsepower, 425 , 

Figure 22. - Effect of shaft horsepower on distribution of total pressure, static pressure, and 
Indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor-inlet ram- 
pressure ratio, LOO; engine speed, 13,000 rpm. 
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(b) Shaft horsepower, 951. 

Figure 22. ~ Concluded. Effect of shaft horsepower on distribution of total pressure, static pres- 
sure, and indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compresso r- i n I et 
ram-pressure ratio, [.00; engine speed, 13,000 rpm. 
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(b) Shaft horsepower, 951 # 

Figure 23. - Concluded. Effect of shaft horsepower on distribution of total pressure, static pres- 
sure, and indicated temperature at tail-pipe-nozzle outlet. Altitude, 5000 feet; compressor- ini et 
ram- pressure ratio, 1,00; engine speed, 13,000 rpm. 
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(a) Oo«p< , «iaor- inlat rwpraaaura ratio, l.OOj abaft boMipowr. 340, 

Figure 24. - Effect of compressor-! nl et ram-pressure ratio on distribution of total pressure, static 
pressure, and indicated temperature at wing-duct inlets. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 
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Figure 24. - Concluded. Effect of compressor- i n I et ram-pressure ratio on distribution of total prej 
sure, static pressure, and Indicated temperature at wing-duct inlets. Altitude, 35,000 feet* 
engine speed, 13,000 rpm. * 
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Figure 25. - Effect of compressor- inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at compressor inlet. Altitude, 35,000 feet; engine speed, 

13,000 rpm. S 
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Figure 26- - Effect of compressor- in J et ram-pressure ratio on distribution of static pressure for 
each stage of compressor stator. Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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(b) Ocwpre* sox— inlet ram-pressure ratio, 1,09; shaft horsepower, 330, 




Figure 27- - Effect of compressor- i nl et ram-pressure ratio on distribution of total pressure, static 
pressure, and indicated temperature at compressor outlet. Altitude, 35,000 feet; engine speed, 
t3,000 rpm. 
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Combustion chamber 

(b) Compressor-inlet ram-pressure ratio, 1.09; shaft horsepower, 330. 

Figure 28. - Effect of compressor- inlet ram-pressure ratio on distribution of total and static pres- 
sures at turbine inlet. Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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(h) Ooopressor-inlet raa-preestrre ratio, 1.09; shaft horsepower, 350 
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Figure 29. - Effect of compressor- Ini at ram-pressure ratio on distribution of total and static pres- 
sure at turbine outlet. Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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(a) Compressor-inlet ram-pressure ratio, 1.00; shaft horsepower* 340. 

Figure 30- - Effect of compressor- ini et ram-pressure ratio on distribution of Indicated temperature 
at turbine outlet. Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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(b) Compressor-inlet ram-pressure ratio, 1.09; shaft horsepower * 330. 

Figure 30- - Concluded- Effect of compressor- Inlet ram-pressure ratio on distribution of Indicated 
temperature at turbine outlet- Altitude, 35,000 feet; engine speed, r3,000 rpm. 



Figure 31. - Effect of compressor- inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 
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(b) Compressor-Inlet ram-pressure ratio, 1.09; shaft horsepower, 330. 

Figure 31. - Concluded. Effect of compressor-lnl et ram-pressure ratio on distribution of total pres- 
sure, static pressure, and indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet; 
engine speed, 13,000 rpm. 





(a) Compressop-^lnlet ram-pressure ratio, 1.00 j shaft horsepower, 340# 

Figure 32, - Effect of compr«e30 r-In I et ram-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at tall-pl pe-noz*l e outlet# Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 
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(b) Compressor-Inlet ram-pressure ratio p 1.09; shaft horsepower, 530. 

Figure 32. - Concluded. Effect of compressor-inlet ram-prassure ratio on distribution of total pres- 
sure, static pressure, and Indicated temperature at tail-pipe-nozzle outlet. Altitude, 35,000 feot; 
engine speed, 13,000 rpm. 
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